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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It has the angular-velocity detecting element which detects the angular velocity which joins the surroundings 
of the 1st and 2nd shaft which is prepared in a substrate and this substrate and intersects perpendicularly horizontally to 
this substrate, and the 3rd shaft which intersects perpendicularly vertically. The 1st oscillating object which was 
supported by said substrate by the 1st supporting beam, and was prepared in the 1st shaft orientation possible [ an 
oscillation ] in this angular-velocity detecting element, this it being supported by the 1st oscillating object by the 2nd 
supporting beam, and with the 2nd oscillating object prepared in said 1st and 2nd shaft orientation possible [ an 
oscillation ] In the condition of having given the oscillation to the 1st oscillating object at the 1st shaft orientation with 
an oscillating generating means to vibrate said 1st oscillating object to the 1st shaft orientation, and this oscillating 
generating means In the angular-velocity sensor which it comes to constitute with an angular-velocity detection means 
to detect the variation rate to the 2nd shaft orientations produced on said 2nd oscillating object when angular velocity 
joins the surroundings of the 3rd shaft The acceleration detecting element which detects the acceleration which joins 
the 2nd shaft orientation in a different location from an angular-velocity detecting element is prepared in said substrate, 
and the 3rd supporting beam supports this acceleration detecting element. The 3rd oscillating object which can vibrate 
to the 2nd shaft orientation, the time of acceleration joining the 2nd shaft orientation — this — the angular-velocity 
sensor characterized by constituting with an acceleration detection means to detect the variation rate to the 2nd shaft 
orientations produced on the 3rd oscillating object. 

[Claim 2] Said 3rd supporting beam is an angular-velocity sensor according to claim 1 which has a spring constant 
almost equal to the spring constant of said 2nd supporting beam, and comes to have mass with said 3rd oscillating 
object almost equal to said 2nd oscillating object. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is used for detecting the angular velocity which acts on the body which moves, 

for example, body of revolution, etc., and relates to a suitable angular-velocity sensor. 

[0002] 

[Description of the Prior Art] Generally, what was indicated by JP,5-312576,A etc. is known as an angular-velocity 
sensor by the conventional technique. 

[0003] Here, the angular- velocity sensor indicated by this JP,5-312576,A was formed in the substrate and this 
substrate, and is equipped with the angular-velocity detecting element which detects the angular velocity which joins 
the surroundings of the 1st and 2nd shaft which intersects perpendicularly horizontally to this substrate, and the 3rd 
shaft which intersects perpendicularly vertically. 

[0004] And the 1st oscillating object which this angular-velocity detecting element was supported by the substrate by 
the 1st supporting beam, and was prepared in the 1st shaft orientation possible [ an oscillation ], this - it being 
supported by the 1st oscillating object by the 2nd supporting beam, and with the 2nd oscillating object prepared in said 
1st and 2nd shaft orientation possible [ an oscillation ] In the condition of having given the oscillation to the 1st 
oscillating object at the 1st shaft orientation with an oscillating generating means to vibrate said 1st oscillating object to 
the 1st shaft orientation, and this oscillating generating means When angular velocity joins the surroundings of the 3rd 
shaft, the profile configuration is carried out from an angular-velocity detection means to detect the variation rate to the 
2nd shaft orientations produced on said 2nd oscillating object. 

[0005] if the 1st oscillating object is vibrated to the 1st parallel shaft orientation to a substrate by this angular-velocity 
sensor here with an oscillating generating means - this - the 2nd oscillating object supported by the 1st oscillating 
object by the 2nd supporting beam also vibrates to the same shaft orientation and the 1st becoming shaft orientation. If 
the whole sensor rotates a revolving shaft (the 3rd shaft) vertical to this substrate as a core in the condition that this 2nd 
oscillating object is vibrating, the 2nd oscillating object will vibrate by the Coriolis force according to this turning 
effort in the oscillating direction of the 1st oscillating object, and the direction (the 2nd shaft orientation) which 
intersects perpendicularly, and an angular-velocity detection means - this - the variation rate at the time of an 
oscillation of the 2nd oscillating object - the angular velocity which joined the whole sensor is detectable by detecting 
an amount. 
[0006] 

[Problem(s) to be Solved by the Invention] By the way, by the angular-velocity sensor by the conventional technique 
mentioned above, when acceleration joins the 2nd shaft orientation, the 2nd oscillating object displaces to the 2nd shaft 
orientation with this acceleration. At this time, an angular-velocity detection means is detected as what also depends the 
amount of displacement of the 2nd oscillating object by such acceleration on angular velocity. That is, even if it was a 
time of the whole sensor not rotating the 3rd shaft vertical to a substrate as a core, when acceleration joins the 2nd shaft 
orientation, an angular-velocity detection means will detect the amount of displacement of the 2nd oscillating object. 
[0007] Thus, when acceleration joins the 2nd shaft orientation, in order to add the amount of displacement of the 2nd 
oscillating object by this acceleration as a noise, there is a problem that the detection precision of angular velocity falls, 

[0008] This invention was made in view of the problem of the conventional technique mentioned above, and this 
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invention aims at offering the angular-velocity sensor which can detect the angular velocity which joins the 

surroundings of the 3rd shaft, even when acceleration joins the 2nd shaft orientation. 

[0009] 

[Means for Solving the Problem] This invention is equipped with the angular-velocity detecting element which detects 
the angular velocity which joins the surroundings of the 1st and 2nd shaft which is prepared in a substrate and this 
substrate and intersects perpendicularly horizontally to this substrate, and the 3rd shaft which intersects perpendicularly 
vertically in order to solve the technical problem mentioned above. The 1st oscillating object which was supported by 
said substrate by the 1st supporting beam, and was prepared in the 1st shaft orientation possible [ an oscillation ] in this 
angular- velocity detecting element, this — it being supported by the 1st oscillating object by the 2nd supporting beam, 
and with the 2nd oscillating object prepared in said 1st and 2nd shaft orientation possible [ an oscillation ] In the 
condition of having given the oscillation to the 1st oscillating object at the 1st shaft orientation with an oscillating 
generating means to vibrate said 1st oscillating object to the 1st shaft orientation, and this oscillating generating means 
When angular velocity joins the surroundings of the 3rd shaft, it is applied to the angular-velocity sensor constituted by 
angular-velocity detection means to detect the variation rate to the 2nd shaft orientations produced on said 2nd 
oscillating object. 

[0010] And the description of a configuration of that invention of claim 1 adopts The acceleration detecting element 
which detects the acceleration which joins the 2nd shaft orientation in a different location from an angular-velocity 
detecting element is prepared in said substrate, and the 3rd supporting beam supports this acceleration detecting 
element. The 3rd oscillating object which can vibrate to the 2nd shaft orientation, the time of acceleration joining the 
2nd shaft orientation — this - it is in having constituted with an acceleration detection means to detect the variation rate 
to the 2nd shaft orientations produced on the 3rd oscillating object. 

[0011] Thus, by having constituted, the angular-velocity detecting element prepared in the substrate detects the 3rd 
circumference ****** angular velocity of a shaft. That is, an oscillating generating means vibrates the 1st and 2nd 
oscillating object to the 1st shaft orientations. And in the condition that the 2nd oscillating object is vibrating to the 1st 
shaft orientation, when the angular velocity of the circumference of the 3rd shaft joins the whole sensor, the 2nd 
oscillating object vibrates towards the 2nd shaft orientation by the Coriolis force according to this angular velocity. For 
this reason, an angular-velocity detection means detects the amount of displacement at the time of an oscillation of the 
2nd oscillating object, and detects the angular velocity which joined the whole sensor. 

[0012] Moreover, the acceleration detecting element prepared in the substrate in a different location from an angular- 
velocity detecting element detects the acceleration of the 2nd shaft orientations added to the whole sensor containing an 
angular- velocity detecting element. That is, when the acceleration of the 2nd shaft orientations joins the whole sensor, 
the 3rd oscillating object is displaced to the 2nd shaft orientation. Since an acceleration detection means detects the 
amount of displacement of the 3rd oscillating object at this time, only the angular velocity which joined the whole 
sensor is detected. 

[0013] On the other hand, since the 2nd oscillating object is also displaced to the 2nd shaft orientation when the 
acceleration of the 2nd shaft orientations joins the whole sensor, in addition to the angular velocity which joined the 
whole sensor, an angular-velocity detection means also detects acceleration. At this time, only the angular velocity 
which joined the whole sensor is detectable by offsetting the detecting signal of an acceleration detection means from 
the detecting signal of an angular-velocity detection means. 

[0014] Moreover, the 3rd supporting beam has a spring constant almost equal to the spring constant of said 2nd 
supporting beam, and invention of claim 2 has said 3rd oscillating object in having considered as the configuration 
which has mass almost equal to said 2nd oscillating object. 

[0015] Thereby, when the acceleration of the 2nd shaft orientations joins the whole sensor, the amount of displacement 
which the 3rd oscillating object displaces to the 2nd shaft orientation with this acceleration, and the amount of 
displacement which the 2nd oscillating object displaces to the 2nd shaft orientation can be made almost equal. For this 
reason, the amount of displacement of the 2nd oscillating object by acceleration is detectable by detecting the amount 
of displacement of the 3rd oscillating object with an angular-velocity detection means. 
[0016] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of the angular-velocity sensor concerning this 
invention is explained to a detail, referring to drawing 1 thru/or drawing 5 . 

[0017] It is the substrate formed in the shape of [ to which 1 makes an angular-velocity sensor and 2 makes the pedestal 
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of this angular-velocity sensor 1 ] a rectangle, and this substrate 2 is formed for example, with the glass ingredient. 
Moreover, the below-mentioned angular- velocity detecting element 3 and the below-mentioned acceleration detecting 
element 19 are prepared in the substrate 2. And while the angular- velocity detecting element 3 detects the angular 
velocity which joins the angular-velocity sensor 1, the acceleration detecting element 19 detects the acceleration which 
joins the angular- velocity sensor 1. 

[0018] low [ as for 3 / by which P, Sb, etc. were doped on the substrate 2 ] - it is the angular- velocity detecting element 
formed with polish recon [ **** ], single crystal silicon, etc., and this angular-velocity detecting element 3 is arranged 
in the left-hand side of a substrate 2, and consists of the below-mentioned supporter 4, the 1st supporting beam 5, the 
1st oscillating object 6, the 2nd supporting beam 7, and the 2nd oscillating object 8 grade. 

[0019] 4, 4, and -- are four supporters formed on the substrate 2, and this supporter 4 is arranged in the four corners of 
the angular-velocity detecting element 3 which makes the shape of an abbreviation square. And in each supporter 4, as 
for a mounting eclipse and these a total of four supporting beams 5, the end face side of the 1st supporting beam 5 is 
prolonged in the direction of a Y-axis (the 2nd shaft) towards the center section of the angular-velocity detecting 
element 3. Moreover, the 1st oscillating object 6 is attached in the head side of the 1st supporting beam 5. For this 
reason, the 1st oscillating object 6 is supported by these a total of four supporting beams 5 possible [ an oscillation in 
the direction of the X-axis (the 1st shaft) ]. 

[0020] the 1st oscillating object supported where 6 is estranged from the front face of said substrate 2 possible [ the 
displacement to X shaft orientation ] by the 1st supporting beam 5 - it is - this -- the 1st oscillating object 6 is formed 
in the shape of [ rectangular ] a frame, and the 2nd supporting beam 7 and the 2nd oscillating object 8 grade are 
arranged within the limit of the 1st oscillating object 6. Moreover, the long side of in front of the 1st oscillating object 6 
and the back, towards outside the limit, the movable side vibrating electrodes 13 and 13 mentioned later project, and 
are formed. 

[0021] 7, 7, and - are the 2nd four supporting beams, and, as for this each supporting beam 7, the end face side is 
prolonged in X shaft orientations within the limit of a mounting eclipse and the 1st oscillating object 6 in the center of 
the short length side of the 1st oscillating object 6. And the head side of each supporting beam 7 is attached in the 2nd 
oscillating object 8. 

[0022] the 2nd oscillating object with which 8 was arranged within the limit of the 1st oscillating object 6 - it is - this 
- the 2nd oscillating object 8 is formed in the shape of abbreviation for H characters of two arm 8A prolonged in Y 
shaft orientations, and connection section 8B which connects this each arm 8A, and the ends side of each arm 8A is 
attached in the head side of each supporting beam 7. For this reason, the 2nd oscillating object 8 can vibrate on the 1st 
oscillating object 6 through four supporting beams 7 at a mounting eclipse and Y shaft orientation. Moreover, the 
movable side detection electrodes 16 and 16 later mentioned towards the left and the right are formed in the core of 
connection section 8B of the 2nd oscillating object 8. 

[0023] Here, the vibration system 9 which vibrates to X shaft orientations which turn into the 1st shaft orientations with 
the 1st supporting beam 5, the 1st oscillating object 6, and the 2nd oscillating object 8 is constituted, and the detection 
system 10 which vibrates to Y shaft orientations which turn into the 2nd shaft orientations with said 2nd supporting 
beam 7 and the 2nd oscillating object 8 is constituted. And said vibration system 9 is the oscillation side resonance 
frequency f 1 set up with the mass of the 1st oscillating object 6 and the 2nd oscillating object 8, and the spring constant 
of the 1st supporting beam 5. It is the detection side resonance frequency f2 to which it has and the detection system 10 
is set with the mass of the 2nd oscillating object 8, and the spring constant of the 2nd supporting beam 7. It has. 
[0024] Moreover, oscillation side resonance frequency f 1 of vibration system 9 It is set as the value with the almost 
equal detection side resonance frequency f2 of the detection system 10. When Coriolis force F which acts on the 2nd 
oscillating object 8 is enlarged by this and angular velocity omega joins the surroundings of the Z-axis (the 3rd shaft), 
the variation rate of the 2nd oscillating object 8 can be more greatly carried out to Y shaft orientations. 
[0025] 11 and 11 are the fixed parts for an oscillation estranged and prepared in the back in front of on a substrate 2, 
and this each fixed part 11 for an oscillation sandwiches the 1st oscillating object 6 from before and after, and is fixed 
and prepared on the substrate 2. 

[0026] 12 and 12 are the fixed side vibrating electrodes formed by projecting towards the 1st oscillating object 6 from 
the fixed part 11 for an oscillation, and this each fixed side vibrating electrode 12 is constituted by six electrode plates 
12A formed by projecting towards the fixed part 11 for an oscillation. And each electrode plate 12A has met the 1st 
oscillating object 6 by turns with each below-mentioned electrode plate 13A and the clearance which were really 
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formed. 

[0027] 13 and 13 are the movable side vibrating electrodes formed in the 1st oscillating object 6, and this each movable 
side vibrating electrode 13 is arranged the long side of in front of the oscillating object 6 and the back. And the 
movable side vibrating electrode 13 is constituted towards the fixed part 11 for an oscillation by seven electrode plates 
13A which projected backward the front, and such electrode plate 13A is arranged pectinate. And the movable side 
vibrating electrode 13 constitutes the oscillating generating section 17 with the fixed side vibrating electrode 12. 
[0028] 14 and 14 are the fixed parts for detection which estranged the left and rightward and were prepared in the 
substrate 2, and this each fixed part 14 for detection is arranged in the space surrounded with the 2nd supporting beam 
7 and the 2nd oscillating object 8. 

[0029] 15 and 15 are the fixed side detection electrodes prepared in the fixed part 14 for detection, and each of this 
fixed side detection electrode 15 consists, of six electrode plates 15B by which projection formation was carried out 
towards the inside from this arm 15A so that it may meet by turns before the fixed part 14 for detection with arm 15A 
prolonged the left and rightward from after both sides, each electrode plate 16B of the movable side detection electrode 
16 mentioned later, and a clearance. 

[0030] 16 and 16 are the movable side detection electrodes formed by projecting towards the left and the right from the 
core of connection section 8B of the 2nd oscillating object 8. This each movable side detection electrode 16 It is 
formed in the shape of an antenna of arm 16A prolonged in Y shaft orientations along with axis 0-0, and six electrode 
plates 16B prolonged towards the back (X shaft orientations) a front at equal spacing in this arm 16 A. And the movable 
side detection electrode 16 constitutes the 1st displacement detecting element 18L and 18R with the fixed side 
detection electrode 15. 

[0031] And four angular- velocity detecting elements 3 are supported for the 1st supporting beam 5, the 1st oscillating 
object 6, the 2nd supporting beam 7, and the 2nd oscillating object 8, after only each supporter 4 fixed to the substrate 2 
and has estranged predetermined spacing from said substrate 2. moreover, every - since it is elongating to Y shaft 
orientations, the 1st supporting beam 5 carries out the variation rate of the 1st oscillating object 6 to X shaft orientation 
by sagging X shaft orientations — making — every — since it is elongating to X shaft orientations, the 2nd supporting 
beam 7 can carry out the variation rate of the 2nd oscillating object 8 to Y shaft orientation by sagging Y shaft 
orientations. 

[0032] 17 and 17 are the oscillating generating sections estranged and prepared in the back a front, this each oscillating 
generating section 17 is constituted by the fixed side vibrating electrode 12 and the movable side vibrating electrode 
13, and the respectively equal clearance is formed between each electrode plate 12A of the fixed side vibrating 
electrode 12, and each electrode plate 13A of the movable side vibrating electrode 13. 

[0033] Frequency fO which serves as an opposite phase here between the fixed side vibrating electrode 12 and the 
movable side vibrating electrode 13 If driving signals, such as a pulse wave or a sine wave, are impressed, between 
electrode plate 12A located in the back in front, and 13 A, electrostatic attraction will occur by turns, and contiguity and 
alienation will be repeated in each oscillating generating section 17. Thereby, each oscillating generating section 17 
vibrates the 1st oscillating object 6 and the 2nd oscillating object 8 grade to X shaft orientation. 
[0034] 18L and 18R are the left as an angular- velocity detection means, and the 1st displacement detecting element 
located in the right, and these each displacement detecting elements 18L and 18R are constituted by the fixed side 
detection electrode 15 and the movable side detection electrode 16. 

[0035] Moreover, when each displacement detecting elements 18L and 18R are in the condition which shows in 
drawin g 3 at the time of the first stage and electrode plate 15B of the fixed side detection electrode 15 and electrode 
plate 16B of the movable side detection electrode 16 are made to meet by turns, a left-hand side variation rate — 
alienation of the ****** electrode plates 15B and 16B of detecting-element 18L - the alienation of a clearance with a 
narrow dimension - dimension dO large alienation of a clearance - dimension dO ' is in the condition of having been 
located by turns. 

[0036] on the other hand a right-hand side variation rate ~ detecting-element 18R - a left-hand side variation rate - 
it constitutes like detecting-element 18L -- having — alienation of the ****** electrode plates 15B and 16B - the 
alienation of a clearance with a narrow dimension ~ dimension dO large alienation of a clearance — dimension dO ' is in 
the condition of having been located by turns, and a left-hand side variation rate alienation of the electrode plates 
15B and 16B of detecting-element 18L - a dimension dO and the variation rate of dO ' and right-hand side - alienation 
of the electrode plates 15B and 16B of detecting-element 18R a dimension dO and dO ' have relation of axial 
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symmetry on the left and right both sides on both sides of connection section 8B. 

[0037] for this reason, the time of the first stage - setting — narrow alienation of a clearance — dimension dO 
Electrostatic capacity CO of the parallel plate capacitor to twist the same - the time of the first stage — setting - large 
alienation of a clearance - the relation with electrostatic-capacity CO ' of the parallel plate capacitor by dimension dO ' 
becomes like [ with the one following ]. 
[0038] 

[Equation 1] CO »C0 ' [0039] for this reason, the alienation with a clearance narrow at the time of the first stage when 
the angular-velocity detecting element 3 is not operating - dimension dO Only the side is constituted as a parallel plate 
capacitor, consequently - the time of angular velocity omega acting on the angular-velocity detection sensor 1 - each - 
- a variation rate - detecting elements 18L and 18R - narrow alienation of the clearance between each electrode plate 
15B and 16B - dimension dO Change is detected as change of electrostatic capacity. 

[0040] 19 is the acceleration detecting element formed on the substrate 2 with polish recon, single crystal silicon, etc. 
like the angular-velocity detecting element 3, and this acceleration detecting element 19 is arranged in the right-hand 
side of a substrate 2 as shown in drawin g 1 and drawin g 2 as a location which is different in the angular-velocity 
detecting element 3, and it consists of a below-mentioned supporter 20, the 3rd supporting beam 21, and the 3rd 
oscillating object 22 grade. 

[0041] 20 and 20 are two supporters formed on the substrate 2, and this each supporter 20 is arranged in the rightward 
left [ of the acceleration detecting element 19 which makes the shape of an abbreviation square ], and ends side. And in 
each supporter 20, two were attached in the 3rd supporting beam 21 at a time, and it has extended toward X shaft 
orientations, respectively. Moreover, the head side of each supporting beam 21 is attached in the 3rd oscillating object 
22. And since the linear dimension prolonged in the shape of a long picture is formed in the dimension almost equal to 
the 2nd supporting beam 7, the 3rd supporting beam 21 serves as a value also with the spring constant almost equal to 
the 2nd supporting beam 7. 

[0042] 22 ~ the 3rd oscillating object - it is - this - the 3rd oscillating object 22 is formed in the shape of 
abbreviation for H characters of connection section 22B which connects two arm 22A and this each arm 22A almost 
like the 2nd oscillating object 8, and the ends side of each arm 22A is attached in the head side of each supporting beam 
21. For this reason, the 3rd oscillating object 22 can vibrate in a mounting eclipse and the direction of a Y-axis (the 2nd 
shaft) to a supporter 20 through four supporting beams 21. Moreover, the movable side detection electrodes 26 and 26 
later mentioned towards the left and the right are formed in the core of connection section 22B of the 3rd oscillating 
object 22. And the mass of the 3rd oscillating object 22 is set as the value almost equal to the mass of the 2nd 
oscillating object 8. 

[0043] Here, the detection system 23 which vibrates to Y shaft orientation which turns into the 2nd shaft orientations 
with the 3rd supporting beam 21 and the 3rd oscillating object 22 is constituted. And the detection system 23 is the 
detection side resonance frequency f3 set up with the mass of the 3rd oscillating object 22, and the spring constant of 
the 3rd supporting beam 21. It has. Moreover, since it is almost equal to the 2nd oscillating object 8 and the spring 
constant of the 3rd supporting beam 21 is almost equal to the spring constant of the 2nd supporting beam 7, the mass of 
the 3rd oscillating object 22 is the detection side resonance frequency f3 of the detection system 23. Detection side 
resonance frequency f2 of the detection system 10 It is set as the almost equal value. 

[0044] 24 and 24 are the fixed parts for detection which estranged the left and rightward and were prepared in the 
substrate 2, and this each fixed part 24 for detection is arranged in the space surrounded with the 3rd supporting beam 
21 and the 3rd oscillating object 22. 

[0045] 25 and 25 are the fixed side detection electrodes prepared in the fixed part 24 for detection, and this each fixed 
side detection electrode 25 consists of six electrode plates 25B formed by projecting towards the inside from this arm 
25A so that it may meet by turns before the fixed part 24 for detection with arm 25A prolonged the left and rightward 
from after both sides, each electrode plate 26B of the movable side detection electrode 26 mentioned later, and a 
clearance. 

[0046] 26 and 26 are the movable side detection electrodes formed towards the left and the right from the core of 
connection section 22B of the 3rd oscillating object 22. This each movable side detection electrode 26 It is formed 
almost like the movable side detection electrode 16 of the 2nd oscillating object 8, and is formed in the shape of an 
antenna of arm 26A prolonged in Y shaft orientations along with axis 0-0, and six electrode plates 26B prolonged 
towards the back (X shaft orientations) a front at equal spacing in this arm 26A. And this movable side detection 
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electrode 26 constitutes the 2nd displacement detecting element 27L and 27R with the fixed side detection electrode 25. 

[0047] And two acceleration detecting elements 19 are supported for the 3rd supporting beam 21 and the 3rd oscillating 
object 22, after only each supporter 20 fixed to the substrate 2 and has estranged predetermined spacing from said 
substrate 2. Moreover, since it is elongating to X shaft orientations, each 3rd supporting beam 21 can carry out the 
variation rate of the 3rd oscillating object 22 to Y shaft orientation by sagging Y shaft orientations. 
[0048] 27L and 27R are the left as an acceleration detection means, and the 2nd displacement detecting element located 
in the right, and these each displacement detecting elements 27L and 27R are constituted by the fixed side detection 
electrode 25 and the movable side detection electrode 26. 

[0049] Moreover, each displacement detecting elements 27L and 27R are constituted almost like the displacement 
detecting elements 18L and 18R of the angular-velocity detecting element 3, as shown in drawin g 3 . namely, the time 
of making electrode plate 25B of the fixed side detection electrode 25, and electrode plate 26B of the movable side 
detection electrode 26 meet by turns at the time of the first stage ~ a left-hand side variation rate — alienation of the 
****** electrode plates 25B and 26B of detecting-element 27L — the alienation of a clearance with a narrow dimension 
- dimension dO large alienation of a clearance ~ dimension dO ' is in the condition of having been located by turns. 
[0050] on the other hand - a right-hand side variation rate alienation of the ****** electrode plates 25B and 26B of 
detecting-element 27R - the alienation of a clearance with a narrow dimension - dimension dO large alienation of a 
clearance — dimension dO ' is in the condition of having been located by turns, and a left-hand side variation rate - 
alienation of the electrode plates 25B and 26B of detecting-element 27L — a dimension dO and the variation rate of dO ' 
and right-hand side - alienation of the electrode plates 25B and 26B of detecting-element 27R - a dimension dO and 
dO ' have relation of axial symmetry on the left and right both sides on both sides of connection section 22B. 
[0051] for this reason - each ~ a variation rate - detecting elements 27L and 27R - the 1st variation rate - detecting 
elements 18L and 18R - the same — narrow alienation of a clearance - dimension dO only a side constitutes as a 
parallel plate capacitor — having — alienation - dimension dO Near electrostatic capacity CI the 1st variation rate — 
electrostatic capacity CO of detecting elements 18L and 18R It is set as the almost equal value, consequently - the time 
of acceleration G acting on the angular- velocity sensing element 1 - a variation rate - detecting elements 27L and 27R 
-- narrow alienation of the clearance between each electrode plate 25B and 26B — dimension dO Change is detected as 
change of electrostatic capacity. 

[0052] The angular-velocity sensor 1 by the gestalt of this operation is constituted as mentioned above, and it is 
explained, referring to drawing 4 about the fundamental detection actuation at the time of next applying angular 
velocity omega to the circumference of the Z-axis. 

[0053] First, about the angular-velocity detecting element 3, if the driving signal used as an opposite phase is impressed 
to the oscillating generating section 17 located in right and left, it will act by turns to the oscillating generating sections 
17 and 17 of right and left of electrostatic attraction between each electrode plate 12A and 13 A, and the 1st oscillating 
object 6 and the 2nd oscillating object 8 will generate an oscillation in X shaft orientation. In this case, only by each 1st 
supporting beam 5 bending in X shaft orientations, since the 2nd supporting beam 7 does not bend in X shaft 
orientations, the 2nd oscillating object 8 also vibrates only to X shaft orientation. 

[0054] In this condition, if angular velocity omega joins the surroundings of the Z-axis (the 3rd shaft), Coriolis force F 

(inertia force) shown in the direction of a Y-axis (the 2nd shaft) following several 2 will occur. 

[0055] 

[Equation 2] F=2momegavm: -- mass omega:angular-velocity v: of the 2nd oscillating object 8 - the rate [0056] of X 
shaft orientations of the 2nd oscillating object 8 And by this Coriolis force F, the 2nd oscillating object 8 vibrates to Y 
shaft orientation, can detect the vibration displacement of this 2nd oscillating object 8 by the 1st displacement detecting 
element 18L and 18R as change of the electrostatic capacity between the fixed side detection electrode 15 and the 
movable side detection electrode 16, and can detect the angular velocity omega of the circumference of the Z-axis. 
[0057] especially the 1st variation rate — each electrode plates 15B and 16B of detecting elements 18L and 18R - 
connection section 8B - inserting - the left and right both sides - it is - alienation - alienation of a dimension dO and 
dO ' - it is arranged so that the relation to axial symmetry may become, for this reason - the time of the 2nd oscillating 
object 8 displacing on left-hand side, as shown in drawing 4 - the variation rate on the left-hand side of connection 
section 8B detecting-element 18L the alienation between electrode plate 15B and 16B - dimension dO a variation 
rate - only a dimension (-deltadcO) becomes small. At this time, it outputs a signal that the displacement capacity 
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(•fdeltaCcO) of left-hand side displacement detecting-element 18L is only strange. 

[0058] here -- a variation rate - a dimension (-deltadcO) - Coriolis force F - the 2nd oscillating object 8 - displacing - 

- the alienation between electrode plate 15B and 16B - a dimension - the alienation at the time of the first stage - 
dimension dO the alienation when receiving and decreasing - a changed part of a dimension is shown, moreover, a 
variation rate - capacity (+deltaCcO) - the alienation between electrode plate 15B and 16B - a dimension - a 
variation rate - a dimension (-deltadcO) - decreasing the electrostatic capacity between electrode plate 15B and 16B 

- electrostatic capacity CO at the time of the first stage It receives and a changed part of the electrostatic capacity when 
increasing is shown. 

[0059] on the other hand ~ the variation rate on the right-hand side of connection section 8B -- detecting-element 18R - 

- the alienation between electrode plate 15B and 16B - dimension dO a variation rate - only a dimension (-i-deltadcO) 
becomes large. At this time, it outputs a signal that the displacement capacity (-deltaCcO) of right-hand side 
displacement detecting-element 18R is only strange. That is, when the 2nd oscillating object 8 displaces on left-hand 
side, the displacement dimension of the displacement detecting elements 18L and 18R of left-hand side and right-hand 
side and displacement capacity come to be shown in the following table 1. 

[0060] here - a variation rate - a dimension (-hdeltadcO) - Coriolis force F - the 2nd oscillating object 8 - displacing 

- the alienation between electrode plate 15B and 16B ~ a dimension - the alienation at the time of the first stage - 
dimension dO the alienation when receiving and increasing — a changed part of a dimension is shown, moreover, a 
variation rate - capacity (-deltaCcO) - the alienation between electrode plate 15B and 16B - a dimension - a variation 
rate - a dimension (+deltadcO) - increasing ~ the electrostatic capacity between electrode plate 15B and 16B - 
electrostatic capacity CO at the time of the first stage It receives and a changed part of the electrostatic capacity when 
decreasing is shown. 

[0061] 

[A table!] 









&Mc?)^te«lEfiSi5l 8L 


- AdcO 


+ ACcO 




+ AdcO 


-ACcO 



[0062] and a left-hand side variation rate - the variation rate by detecting-element 18L -- the variation rate of a signal 
to right-hand side - the variation rate by detecting-element 18R - subtracting, as a signal is shown in the three 
following - the variation rate of (2xdeltaCcO) ~ a signal is detectable. Thereby, the detection precision of angular 
velocity omega can be raised. 
[0063] 

[Equation 3] (2xdeltaCcO) =-hdeltaCcO - (-deltaCcO) 

[0064] On the other hand, about the acceleration detecting element 19, since Coriolis force F does not act, even when 
the angular velocity omega of the circumference of the Z-axis is added, the 3rd oscillating object 22 does not displace 
it. For this reason, at the 2nd displacenient detecting element 27L and 27R, it is the electrostatic capacity CI between 
the fixed side detection electrode 25 and the movable side detection electrode 26. It does not change and a displacement 
signal is not outputted from the 2nd displacement detecting element 27L and 27R. 

[0065] In addition, although the time of the 2nd oscillating object 8 displacing on left-hand side by Coriolis force F of 

angular velocity omega was explained, even if it is a time of the 2nd oscillating object 8 displacing on right-hand side 

by Coriolis force F, the almost same displacement signal is detectable, except that the sign of displacement capacity 

changes, namely, a left-hand side variation rate -- detecting-element 18L - a variation rate - the variation rate of 

capacity (-deltaCcO) - a signal - outputting ~ a right-hand side variation rate - detecting-element 18R — a variation 

rate - the variation rate of capacity (+deltaCcO) - a signal is outputted. several 3 [ for this reason, ] - the same two 

variation rates -- subtracting a signal - the variation rate of {2x (-deltaCcO)} - a signal is detectable. 

[0066] Next, it explains, referring to drawin g 5 and drawing 6 about the detection actuation at the time of applying 

acceleration G to Y shaft orientations, applying angular velocity omega to the circumference of the Z-axis. 

[0067] First, about the angular-velocity detecting element 3, the driving signal used as an opposite phase is impressed 

to the oscillating generating section 17 located in right and left, and the 1st oscillating object 6 and the 2nd oscillating 
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object 8 are vibrated to X shaft orientation. If angular velocity omega joins the surroundings of the Z-axis in this 
condition, the 2nd oscillating object 8 will vibrate to Y shaft orientation by Coriolis force F. 
[0068] Moreover, when the other acceleration G acts on the whole angular-velocity sensor 1 on right-hand side in 
accordance with Y shaft orientations, the 2nd oscillating object 8 is displaced to Y shaft orientation toward the left- 
hand side which serves as this acceleration G with hard flow. Thus, Coriolis force F and acceleration G according [ the 
2nd oscillating object 8 ] to angular velocity omega will act. 

[0069] for this reason, when the 2nd oscillating object 8 displaces on left-hand side by Coriolis force F while the other 
acceleration G joins right-hand side in accordance with Y shaft orientations as shown in drawing 5 the variation rate on 
the left-hand side of connection section 8B - detecting-element 18L - the alienation between electrode plate 15B and 
16B - the variation rate according [ a dimension dO ] to Coriolis force F - a dimension (-deltadcO) - adding - the 
variation rate of acceleration G — only a dimension (-deltadgO) becomes small (-deltadcO-deltadgO). for this reason, a 
left-hand side variation rate - the variation rate according [ detecting-element 18L ] to Coriolis force F - the variation 
rate by capacity (+deltaCcO) and acceleration G - the variation rate which applied capacity (+deltaCgO) — the variation 
rate of capacity (+deltaCcO+deltaCgO) — a signal is outputted. 

[0070] here -- a variation rate - a dimension (-deltadgO) acceleration G - the 2nd oscillating object 8 - displacing - 
the alienation between electrode plate 15B and 16B - a dimension - the alienation at the time of the first stage - 
dimension dO the alienation when receiving and decreasing - a changed part of a dimension is shown, moreover, a 
variation rate - capacity (+deltaCgO) - the alienation between electrode plate 15B and 16B - a dimension - a 
variation rate - a dimension (-deltadgO) - decreasing - the electrostatic capacity between electrode plate 15B and 16B 

- electrostatic capacity CO at the time of the first stage It receives and a changed part of the electrostatic capacity when 
increasing is shown. 

[0071] on the other hand - the variation rate on the right-hand side of connection section 8B — detecting-element 18R - 

- the alienation between electrode plate 15B and 16B - dimension dO the variation rate by Coriolis force F — a 
dimension (+deltadcO) - adding - the variation rate of acceleration G - only a dimension (+deltadgO) becomes large 
(+deltadcO+deltadgO). for this reason, a right-hand side variation rate -- the variation rate according [ detecting-element 
18R ] to Coriolis force F - the variation rate by capacity (-deltaCcO) and acceleration G - the variation rate which 
applied capacity (-deltaCgO) - the variation rate of capacity (-deltaCcO-deltaCgO) — a signal is outputted. That is, while 
the other acceleration G joins right-hand side in accordance with Y shaft orientations, when the 2nd oscillating object 8 
displaces on left-hand side by Coriolis force F, the displacement dimension of the displacement detecting elements 18L 
and 18R of left-hand side and right-hand side and displacement capacity come to be shown in the following table 2. 
[0072] here — a variation rate — a dimension (-hdeltadgO) - acceleration G - the 2nd oscillating object 8 displacing — 
the alienation between electrode plate 15B and 16B - a dimension — the alienation at the time of the first stage — 
dimension dO the alienation when receiving and increasing - a changed part of a dimension is shown, moreover, a 
variation rate - capacity (-deltaCgO) - the alienation between electrode plate 15B and 16B - a dimension - a variation 
rate - a dimension (-i-deltadgO) - increasing - the electrostatic capacity between electrode plate 15B and 16B - 
electrostatic capacity CO at the time of the first stage It receives and a changed part of the electrostatic capacity when 
decreasing is shown. 



:0073] 






A table 2] 














- AdcO- AdgO 


+ ACcO+ ACgO 




+ AdcO+ AdgO 


-ACcO- ACgO 



[0074] and a left-hand side variation rate - the variation rate by detecting-element 18L - the variation rate of a signal 
to right-hand side - the variation rate by detecting-element 18R — the time of subtracting, as a signal is shown in the 
four following - the variation rate of (2xdeltaCc0+2xdeltaCg0) - a signal will be detected. 
[0075] 

[Equation 4] (2xdeltaCcO-f 2xdeltaCgO) =+deltaCcO+deltaCgO - (-deltaCcO-deltaCgO) 

[0076] for this reason - each - a variation rate — the variation rate outputted from detecting elements 18L and 18R - 
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the variation rate according to angular velocity omega in a signal ~ the variation rate according to acceleration G to a 
signal (ZxdeltaCcO) -- a signal (ZxdeltaCgO) will be added as a noise. 

[0077] On the other hand, with acceleration G, since the acceleration G of Y shaft orientations acts also about the 
acceleration detecting element 19, the 3rd oscillating object 22 displaces only the displacement dimension delta dg 0 on 
left-hand side, as shown in drawin g 6 . for this reason - the time of the 3rd oscillating object 22 displacing on left-hand 
side with acceleration G — the variation rate on the left-hand side of connection section 22B — detecting-element 27L - 
the alienation between electrode plate 25B and 26B - dimension dO a variation rate ~ only a dimension (-deltadgO) 
becomes small. At this time, it outputs a signal that the displacement capacity (+deltaCgO) of left-hand side 
displacement detecting-element 27L is only strange. 

[0078] on the other hand - the variation rate on the right-hand side of connection section 22B - a detecting element 27 
- the alienation between electrode plate 25B and 26B - dimension dO a variation rate - only a dimension (+deltadg0) 
becomes large. At this time, it outputs a signal that the displacement capacity (-deltaCgO) of right-hand side 
displacement detecting-element 27R is only strange. That is, when the other acceleration G joins right-hand side, the 
left, the displacement dimension of the right-hand side displacement detecting elements 27L and 27R, and 
displacement capacity come to be shown in the following table 3. 
[0079] 

[A table 3] 











-AdgO 


+ ACgO 




+ AdgO 


-ACgO 



[0080] then, a left-hand side variation rate - the variation rate by detecting-element 27L - the variation rate of a signal 
to right-hand side - the variation rate by detecting-element 27R - the time of subtracting, as a signal is shown in the 
five following ~ the variation rate of (2xdeltaCgO) — a signal is detectable. 
[0081] 

[Equation 5] (2xdeltaCg0) =+deltaCgO - (-deltaCgO) 

[0082] for this reason, the 1st variation rate — the variation rate of detecting elements 18L and 18R — the variation rate 
which subtracted the signal — the 2nd variation rate from a signal (2xdeltaCcO+2xdeltaCgO) - the variation rate of 
detecting elements 27L and 27R - the variation rate which subtracted the signal - by subtracting a signal 
(2xdeltaCgO), as shown in the six following Only the displacement signal (2xdeltaCcO) based on phase murder and 
angular velocity omega for the displacement signal (2xdeltaCgO) based on acceleration G can be taken out. 
[0083] 

[Equation 6] (2xdeltaCcO) = (2xdeltaCc0+2xdeltaCg0) - (2xdeltaCgO) 

[0084] Only the displacement signal based on angular velocity omega can be taken out without influencing [ which 
joins Y shaft orientations ] this of acceleration G, and the detection precision of angular velocity omega can be raised. 
[0085] In addition, although the time of the 2nd oscillating object 8 displacing on left-hand side by Coriolis force F of 
angular velocity omega was explained Even if it is a time of the 2nd oscillating object 8 displacing on right-hand side 
by Coriolis force F, almost similarly in the displacement detecting elements 18L and 18R of left-hand side and right- 
hand side the variation rate based on angular velocity omega and acceleration G - capacity (-deltaCcO+deltaCgO) and 
(+deltaCcO-deltaCgO) - detecting - the variation rate of left-hand side and right-hand side - the variation rate based 
on acceleration G at detecting elements 27L and 27R ~ capacity (-hdeltaCgO) and (-deltaCgO) are detected. 
[0086] therefore, the variation rate of left-hand side and right-hand side - the variation rate of detecting elements 18L 
and 18R - the variation rate which subtracted the signal -- the 2nd variation rate from a signal {2x(-deltaCcO) 
+2xdeltaCgO} - the variation rate of detecting elements 27L and 27R - the variation rate which subtracted the signal - 
by subtracting a signal (2xdeltaCgO), as shown in the seven following The displacement signal (2x (-deltaCcO)} based 
on phase murder and angular velocity omega for the displacement signal (2xdeltaCgO) based on acceleration G can be 
taken out. 
[0087] 

[Equation 7] {2x (-deltaCcO)} = {2x(-deltaCcO)+2xdeltaCgO} - (2xdeltaCgO) 
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[0088] The 1st displacement detecting element 18L and 18R which detects the displacement capacity to Y shaft 
orientations produced on the 2nd oscillating object 8 when angular velocity omega joins the surroundings of the Z-axis 
with the gestalt of this operation at a substrate 2 in this way, When acceleration G joins Y shaft orientation, the 2nd 
displacement detecting element 27L and 27R which detects the displacement capacity to Y shaft orientations produced 
on the 3rd oscillating object 22 is formed. Thereby, the displacement capacity of the 2nd oscillating object 8 produced 
with acceleration G can be calculated using the displacement capacity of the 3rd oscillating object 22 detected by the 
displacement detecting elements 27L and 27R. 

[0089] For this reason, it adds to the 2nd oscillating object 8 displacing with angular velocity omega, acceleration G - 
displacing - the 1st variation rate ~ the variation rate detected by detecting elements 18L and 18R — the variation rate 
according [ capacity ] to angular velocity omega - the variation rate by capacity and acceleration G, even when 
capacity is included the 2nd variation rate ~ the variation rate detected by detecting elements 27L and 27R -- capacity - 
- using - the 1st variation rate — the variation rate detected by detecting elements 18L and 18R the variation rate 
according to acceleration G among capacity - capacity can be offset. Thereby, the detection sensitivity of angular 
velocity omega can be improved. 

[0090] Moreover, the 3rd supporting beam 21 has a spring constant almost equal to the spring constant of the 2nd 
supporting beam 7, and since the 3rd oscillating object 22 has mass almost equal to the 2nd oscillating object 8, when 
acceleration G joins Y shaft orientation, it displaces only an amount with almost equal 2nd oscillating object 8 and 3rd 
oscillating object 22. For this reason, displacement capacity when the 2nd oscillating object 8 displaces with 
acceleration G can be obtained by detecting the displacement capacity of the 3rd oscillating object 22 by the 2nd 
displacement detecting element 27L and 27R. For this reason, the displacement capacity by acceleration G can be 
easily offset among the displacement capacity detected by the 1st displacement detecting element 18L and 18R, 
without performing various operations. 

[0091] In addition, although the case where electrode plate 13A of six sheets and the movable side vibrating electrode 
13 was made into seven sheets for electrode plate 12A of the fixed side vibrating electrode 12 was illustrated with the 
gestalt of operation, it is good not only as for this but seven sheets or more, and the driving force generated in the 
oscillating generating section 17 by increasing number of sheets can be increased. 

[0092] Moreover, although the case where the electrode plates 16B and 26B of six sheets and the movable side 
detection electrodes 16 and 26 were made into six sheets for the electrode plates 15B and 25B of the fixed side 
detection electrodes 15 and 25 was illustrated with the gestalt of operation The detection sensitivity in the displacement 
detecting elements 18L and 27L (18R, 27R) can be raised not only this but by being good as for eight or more sheets, 
and increasing number of sheets. 
[0093] 

[Effect of the Invention] As explained in full detail above, while preparing the angular-velocity detecting element 
which detects to a substrate the variation rate to the 2nd shaft orientations produced on the 2nd oscillating object, and 
detects the angular velocity which joins the circumference of the 3rd shaft according to invention of claim 1, the 
acceleration detecting element which detects the acceleration which joins the 2nd shaft orientations in a different 
location from this angular-velocity detecting element is prepared. Even when acceleration joins the whole sensor and 
the 2nd oscillating object displaces with acceleration by this, an acceleration detecting element can detect the amount of 
displacement of the 2nd oscillating object by acceleration. For this reason, by using the signal outputted from an 
acceleration detecting element, it can be based on acceleration among the signals outputted from an angular-velocity 
detecting element, thing offset can be carried out, and the detection sensitivity of angular velocity can be improved. 
[0094] Moreover, according to invention of claim 2, the 3rd supporting beam has a spring constant almost equal to the 
spring constant of the 2nd supporting beam, and since the 3rd oscillating object has mass almost equal to the 2nd 
oscillating object, when acceleration joins the 2nd shaft orientations, it displaces only an amount with almost equal 2nd 
oscillating object and 3rd oscillating object. For this reason, an acceleration detection means can detect the variation 
rate of the 3rd oscillating object, and the amount of displacement of the 2nd oscillating object by acceleration can be 
detected. For this reason, what is depended on acceleration among the variation rates detected by the angular-velocity 
detection means can be offset easily, without performing various operations. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 11 It is the front view showing the angular-velocity sensor by the gestalt of operation. 
[Drawing 2] It is drawing of longitudinal section seen from [ in drawin g 1 ] **** II-II. 

[Drawing 31 It is the front view expanding and showing the condition of the 2nd oscillating object at the time of the 
first stage etc. 

[Drawin g 41 It is the front view expanding and showing the condition of the 2nd oscillating object when angular 
velocity omega joining the circumference of the Z-axis etc. 

[Drawin g 51 While angular velocity omega joins the circumference of the Z-axis, it is the front view expanding and 

showing the condition of the 2nd oscillating object when acceleration G joining Y shaft orientations etc. 

[Drawing 61 It is the front view expanding and showing the condition of the 3rd oscillating object when acceleration G 

joining Y shaft orientations etc. 

[Description of Notations] 

1 Angular- Velocity Sensor 

2 Substrate 

3 Angular- Velocity Detecting Element 

5 1st Supporting Beam 

6 1st Oscillating Object 

7 2nd Supporting Beam 

8 2nd Oscillating Object 

18L, 18R 1st displacement detecting element (angular- velocity detection means) 
19 Acceleration Detecting Element 

21 3rd Supporting Beam 

22 3rd Oscillating Object 

27L, 27R 2nd displacement detecting element (acceleration detection means) 
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DRAWINGS 



[Drawin g 11 




[Drawing 31 
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*>^A:i3ecci*. COAp^!gCCJ:-£>|^2(^>!iJif*0!:-s:& 

[ 0 0 C- 9 ] 

Mox:ji^7^miciM.$:r^mi. m2<o$st^maM.^, 
.5:f*^tcj:'7*c3:j#^n. mmmi. m2o>^<o:f7^ic 
fcL^mi^^Z(C'mmmc^oi>m2<o^i^f5\^<C'KiiL 
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3 

[0 0 12] ^fc. P^i^^Ml^^^.t^ti^imvm^ 

•^:yit'^mctioxmt>im2o>^^\^(oiimfst^^& 
't:^^'^m^m2o>^:^i^<oi}mf?t-^'>mt> 

[0 0 13] -bV-y-^i^tCBS^gB-^ffilCC'TWiiJa 
j!)^T«*5'7ft:i^^{i:ti, ^2CC'^#i*fe|^2<7>^C??|fi]tC 

10 0 14] lS5}£ti£<0#fe^i*. ^3o3:J*s 
I 0 0 15] cmcj: 0 . -b >1r'^f*ic:B2 <^>W*(fi]<^ 

i^/}''m2<D^<o:f7t^i>cm^ri>Kit^t^\m^L<'^ 

3<0\Mmi^o>miiSi^^thir^C6ic^:'7X. ?BiiStc 
I 0 0 16] 

I 0 0 17] 1 iSftiiSC-fe >t^. 2 kSiS^iia-te 1 



C3) 4^6-32 0 00-2 8 36 5 

4 

mihnxt.^^, <'ux, ^^iism^^3ti^^a-b 

^1 9(i^jl!g'te>1r-liCf«t>^>i)Dsifg^l9?ffi-r^o 
[00 18] Zicm^2±(CP, Sh^i>^V-t:i^if^ 
tifcmmr^^^ 'J 2 > . Mjf5«^'-^ I' =2 >^i<: r 

5. 3^1(^ll£?lf*6, ^2 0C'S:l#SI7. m2(o\mi^s 

20 [ 0 0 2 0] 6 ittm 1 co^^S£5 ic^: or x^oc:-:^rifiicc 

7. ?i^2(^li^f*8^>:)^S2iSf^nrc^^o ^tc. %\<t> 

Sl 3. 1 3;0^t^?HC(fi]t:t'C5^ffiUC;f^.'d^^nrc^^o 
[0 02 1) 7. 7, -"k*4-45;<^>^2 0C':y:j#liSX'. g^E-^ 

BRfit:r#5>n, ^ 1 (K>mm\%^<o^p%xyM-n^vc\mx 
[ 0 0 2 2] a ktm 1 (^iisai^e (Dt*p9cc£i5:5 nA:^ 

2<0\mi\^X'. iS^2(Dllg!lt^8ti. Y^:^|fili<:JSO'^> 
2*6C'M^8Ai, S^^^gliS A^iS§*-5-^ii8ggIl8 B 
tlC^\'7Xm{'^\f.^C^^^^tl. ^BSSI18 A<DiSiflfiiHiJy>^ 

2<o\mi^sict. 4-^o>^\^.§^7 ^nbxm\(D\mi^ 
^tc. ^2<om^i^s<DmmBB<C'^^c^(^c\t. c 

[ 0 0 2 3] ccx\ m\ (o^A^m^ . m i a>ti^si)<* 

6. .^2C>iS£i)f*8tcj:'^'C^l<^>M^rrfi]<!;V-5Xia:^ 

5:^?^ 5 (OliiaiEUtcc j: ^ TS?:^ ^ n -S^mimtMJilTJS 
&ri*Wl'. feffl.^lOi*, ^2<}c:'tifiii$:8oc:-!ge 
50 3^2cc>.-y_f^?^7(Dli:ialE&tcj:o'Cs&^$n'5*9iai 
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5 

[ 0 0 2 4] ^ fc. ^fiiift 9(DilfijH?JttifeJi!i^a f 1 t 

[ 0 0 2 5 ] 1 1 , 11 ktm^2±<om, t^imimm 

[0 02 6] 12, \ 2kt\BlSbmmtEB^l li^-'hmKO 
[0 02 7] 13, ! 3 iSI^ 1 <0ii£iif*6 tcHt^sS^nA: 

pjsjnfj^«i^8i'c\ tk^aimmmmm 1 3 it. mmi^ 
ecom, ^k(DmRmc^m^nxl^^, ^ox, himj 
^£?)^Si3i*. iiJ&^iiXE^i i^irrm^-trfi, i^-nt^ 

[0028] 14. 14 is:aL, is:^fcj(rgiru] uxmm2 
t>cmihnrc^Mmm^mx\ ^^t^.mmmm^^i 4ti 
^2oc'5:f#S£7 Lm2a>m^i^B tic^'.-^xmm^ntc 

[0029] 15. 15 k*t^fflJllil5ESIl 1 4 t^cmi 

fcmtem^&m^x\ ^^mmm^^m^i 5i*. mm 

[ 0 0 3 0] 16. 16 ktm 2 o>mmt s (omrns b 
cr)43.ii^?i^f5>s, mt^cmixm\i^uxmf&^infc^mm 

Y$e-nmiC}&0'i>m.m l e a t . IS&I^ l 6 AtCiSj 
m^mi 6BtiCJ:-^X7l^y''tmc^^f^$nXi.^^o 

tc!^ i(?:>is:(it^iii^i 8 L. 1 8 R^fg.'ctf ifecc'r-*) 
[0 03 1 1 -eor. ^ii!gt52ffif^^3ii^5:^g|i4Q 

^■-0^^152 CCiagSn, !illCD.yJ#i^5, ^ 1 OC'}Mfii»i$ 
6. m2<D'^M13^.1 . m2(0Bl^mkmmmmZi)^i=i> 

m^r^f^^m^orcik^x-4i^SA^^t\xi'^, ^a:. 



(4) 4^1^2 0 00-2 8 36 5 

5 

icmt ^ , s.^ 2 7 ii X tc{^^ 0 r t ^ 

^ Y ^M^-^^ct ii^x^ 

[003 2] 17, ! 7 i^m, ^^ismimm ucmi h 

1 2 i pJ£?ii?Jjifii^® 1 3 t ic^: ^x^f^^ m 
^#J}Jifii^S 1 £<^>^^Sit§ 1 2 A i . 

10 1 3C'^^st§ 1 3 A tcomc{t<-n^tm^oi,^m^i>^ 
[003 3] c c -c% gi7Ei^jMsb^@ 1 2 t~\^mmm 

AiSSffi 1 2 A, ! 3 Amatm^^l/jiy^y-KiC^'^ 

&its^^x^A(ois0\icm^^it^i>(oxih^. 
[0 03 4] 18L. I BmtP^mm^.\^^mtbxo> 
20 E, atc{ist-^Ml(D^^i^^a^*c^ ^^^stti^ffi^ 

1 8 L. 1 8 R i*g]^iHimai^S 1 5 i eJftiHU^iii^ffi 
[003 5] SAi. ^S:i5^tfi^! 8 L. 1 8Rvi. vTJ 

1 &o!:'^s^s 1 5 B i^^Mts€ffi^8i 1 eo>^m^ 1 6 

Ba:^:.y.SCC*iS^1t6a:^, SfRte^ii^^^ffiSfi 1 8 L 
C^>r^^^^S^ 1 5 B. 1 6B<Dg|f=^^-Si±. r^f^(0$^ 

30 [ 0 0 3 6] j<C'^(i-t5?aigu 1 8 R 4>£#j(oS: 

(it^ai^ 1 8 Limit cctSfi^^n, f^^^^s^ 1 5 
B, 1 6 Bomr^-^mt. fm<Dm'mm^i^<io tm 

-eor. a3Jo^(i^tt!^ 1 8Lo[:*^e^Si &B. 
1 6 Bo:>^lfe1%|-?£do , do ' ii^^iJcc-sifil^iliglll 8 
ROC'^IS^SI 5 B, 1 6 BC'M^^£clO , do' i 

[0 03 7 ] C<Ofctt>. ttRP#cc*5C^X, KfelCC*5??t^^l 
40 fel^^id 0 cCc^:^^?i^«§r3>-r>-y-cc#^S£Co 

[ 0 0 3 8] 

[S 1 ] Co >Co ' 

[0039] C<Ofc^. ^'^&W\^mm3iM%^LXl- 
50 #taig|il8L, l8Rii. S^g^glSB. 1 6 Bfe1<0 
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1 0 0 4 0] 1 9tifti^!gt^dj^^3 tmmf'CTfi m u*) 
[ 0 0 4 1 ] 2 0. 2 0\tm^2±(cm^^htitczmo> 

A:. S.5ir#S£2 KD^^iJi*, B3CC'mi^2 SerERft 
iihtxXt.^i>, ^UX. mZ<DS-i^m2 lit. B^Rmc 

ii^^:^nxi^^>tcii>. <'(Oiii^f^m^4ym2<D:^.\^mi t 

m^moi*i^trj.r>Xi^^>. 
[0 04 2] 2Z\tW3<0\mi^X\ mw3o>\mi^2 

^SBS^2 2 A ^iiJfS-r ^i»i$^^2 2 B i tc ct o^Cffl&H 

2 2i*. 4-4^<5::'3^f#S£2 I ?:/ror3:Hfe^2 Oi<:^ftw 

hti. Via (3^2(^^> ^rr^cc^fii«J6feinf-?^CCi-£>o 
^fc. ^3o:>m^i^2 2(0'i^^^2 2BO>^'\:>iCit. 
E, 3atC|fi]trcfl»ilir^>wJ^fHimaiSSi2 6, 2 6/>^fi^ 

.^^nrc^^. -ei,r. .^3a>iififtf*2 2<3!>^»s:, B 
2 (ommi^ 8 <om^ t ui^mcw^^ n-c c 
[004 3] ccx\ mz^SA^^z K ^ao^-maii*: 
2 2 J: - r 1^ 2 <J>^-nn L U hY%i^<ois^^m^'t i> 
^m?h2 3 ^m^-^ ho ^hX. m^^.2 3\t. ^3<J> 

^mt22<j>m'^t. m3<osM^2 \<Dm;^^Emcj: 

fc. m3<Dm,^m2(j>m'&\tm2(o\mi^BLi,^\^^ 
o<. m3(j>%\n^2 \(Okti^'^mm2Q>%\^is^,i<o 

[ 0 0 4 4 ] 2 4, 24 ktU, -^-nmctm 0'CS=E2 
cciSr(ie»nA:^iilJ^@^S[J'C, 5S^^t±l^ll^Sll2 4 li 
B3CC':?:f#Ss2 1 ^^30C'tMtt<*2 2itcj:-7-ci^iaj; 

[004 5] 25. 2 5 i*^ffiJi@^Sll2 4 tci^ti ^=>n 
A:ia^#1#ffi^8it:', fi^ES^^^9jt9^tilSfe2 5 4*. tsiS 

2 5 Ai. ?%^'r^>eJfiiHiJfeffi^^2 6<7>&^€C»fe2 6 

FSfi!JtC(S]<:^ XW.^U X ^ ntc 6 tStCD^a ^25 



(5) 1^1^32 0 00-2 8 36 5 

[004 6] 2 6. 26 i*;q^3 <^^£?)(*2 2 <?>ii5S^2 

^•C. S^^^^mt#£li^€0 2 6li. m2<Dmi>\th<J>-\ 

?S7XY^:^f5j^<:5^0'5>gSS[J2 6 A<L. g«M^2 6ACC 
isi^r^r-fy . ( X > ic mixWif 6 -te 
(0SSt^S2 6 QitCJ:-'CT>r:^-|7;fr^J.^$nxi^ 

-eur. IS«lfi&fHijt9^iiiS^2 6k*ia^iKimiiiliS2 
5ifttC^2(3:'.^{il9?£iiSU2 7 L. 2 7 R-S:tfifi£T^>^ 

[ 0 0 4 7 ] ^ or. jJDii!t-1#ta^l^ 1 9 im^^^2 

o<o^i>m^2icm^^tx, m3o>^\*m2 i .^3<^> 

^S!if±2 2 ti8TiiaMS2 i5--6p;r^fe1F^^g|fe1 ufc^mx 
2^^f#^n-Cc*^o ^^c. ^B3cC'^t#g52 1 iS:X^ 

0. .^3<^>3l£?)f±2 2'$:Y|4C»^f&]iC^{i$-l±^>CiJ^>^ 

[004 8] 2 7 L . 27 RitlMM^Mlh^mt LX(0 

20 2 7 L. 2 7Ri*, ll^<3Jfeffi^S2 5ipJfi4H3ma^ 
2 6 <t tc cE: o 'C ti.'S^ $ n-C t ^ 
[0 04 9] S^ci. #S:t5mS^2 7L, 2 7R4*, S2i 
3<<:^-?'J:^(C^iiJSt^mp^3<D^ttt5?a5^1 8L. 

C^T. @^pmtii^^2 5<C'^g^S2 5 B i 

^§[<2 6<7>^Sil§2 6 B<L^.v.SOC^tjS^i^^^^t. E 

tRijCC'^{it5^ti5SP2 7LCDr^^^^^^2 5B. 2 6 BCD 

30 [ 0 0 5 0 ] -£iRiJ<i:'^{i^9€ ffisli ziRo^m^'bm 
2 5 B . 2 6 smm^mt. mmo>^^i ^^m-^^ 
do iEsrBi(^fi:«,*gifeTj^£do ' t-^^'-tc^mcitmbtcik 
mic^ho ■et'-c, ^m(o^M^&^^2 7 Lo>m^^2 

5Q, 2 6B©iefel7j-SciO. do' i ^I^icc-Siiteiii 
^2 7R(D^aife2 5B, 2 6 Bcc>f^r^^S<ao , dO 

[0 05 1 ] COC'ftlis?), S^tiL^si£i3gP27 L. 2 7R 
(i. ^ 1 (DSIfi^ffi^ 1 8 L. 1 8 R iill1icc^r^(^$^ 

40 C ^iSr^Tj-S d 0 ilJCOii^?^^^ tf^S =2 > 7^ Vlr- <i; b XWf^ 

$n. ^its^^fdoMcD^^^aci V*. ^ic-^{it# 

ffiSU 1 8 L. 18 RCD0^^eCO i:t5tJ^(./C^fiitCg9^ 

ii^Y^mofct^iat. 5:ttfeffi^27L. 27R4*. ^ 
^a^2 5 B, 2 6 Bfe1<iC:'I^1<Dl^c*^fe1^^dO a>S 

[ 0 0 5 2 ] J: ^^i^rit-fe 1 i*, ± 

50 ^r-So 
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[ 0 0 5 4 ] c coii^mv. Zia (^3 ©ii) o tc^ 

[ 0 0 5 5 ] 

mz] F = 2mDv 



[0066] ^Lr. c:C'2s»j3fU/}FtCJ:-'C. ^2 
<^figF}S<i^. m 1 COi&ttt^a^ 1 8 L, 1 8 Rrii, 

I 0 0 5 7 ] mc. m 1 (Of&t^^\^m 1 8 L , 1 8 RCD 

cc. ;^2co^-^f*8 7i^E#Ui:iS:<iOifc:i5etc(i. 

8 B(C'2£iija>^f5l9€ffi^ 1 8 L X'\t. 1 5 B. 1 

6 Br^<7>Ellfe1^^£cl 0 t^miil-^^ ( - d CO) * 



1?B320 00-2 8 36 5 
10 

f<^K^o C<Di^?. ^m(C'0M^&m\ 8Llt. ^CiS 
[0 05 8] CCX\ 5:^^-^ (-ZidcO) ii*. ^ ' j 

B. 1 6 Bm<Dmm^^j!}mm^w(Dmm-ti^do icmu 

Tc. ^<isa ( + ACcO) iii, ^fiifel 5 B, 16 8 

ts 1 5 B . 16 Bm<Dmmm&mm^<on^^c o 

[ 0 0 5 9 ] ii$5E|i8 BC^>^l31<x:.5:ii^i±isil 1 8 

R^Ci*, ^^t§ 1 5 B. 16 BfeKQ^r^u-^do /i^^ik 
Tj-S (-f-iidcO) tdi^T^^ <tj:ho C<OtB. ^MO>K 
it^Mmi 8Ri*. Sfel^S {-^CcO> CDSfifi^-Sr 
ffi/5-r^>o ^2(^>iM£?)<*8?!)^i£#Hca{iL?c<t* 
CCiS. ^m, ^{W\(D^i^im^^l 8 L. l 8 R(ir:\^ii^ 

^. ^(issi* ri2^ 1 J: ^ 

[ 0 0 6 0] CC X\ mt^^ ( d CO) tkt. =2 »J 
^l^/jFt>CJ:':,xm2<Dm^i^SiimiiU. ^Sfe 1 5 
B , 1 6 B feioc-^fei WiSa^co^r^-d-?^ d o icM U 
Xim Ufct^ (0im'^tt<0^\t9^^. UXi>^. 5 
A:, ^{ise ( -^Cco) ili. ^€1(^1 5 B, 16B 

g 1 5 B . 16 Bmo>nmms:*nm^o:>Bmt^c o 

^, 

[ 0 0 6 1 ] 
[^1] 

















+ AdcO 


-ACcO 



[ 0 0 6 2 ] ^ , -mMco&tt^mm I sue ^:i>K 
IESc3tC^'^$l]<^^t-'SC<!;CCj:0. (2 x^CcO) 

<o^Aiim^^mB^i>cL.^'^X'iii>. cnccj:o. ftii 

[ 0 0 6 3] 

[St3] {2xZiCcO> =-fzlCcO- (-ACcO) 

[0 06 4] ttiii!?? 1 9CC-:>l^*Ci*. :2 

•J ^ 'J:^ F it 1/ nc I -iO ' ^ . z ^/a d oft iig q/>^*d 

^:>'>^ci5tr-fe. m30>m^i^2 2.^m(^LrhCtlttj: 

C<OA:i&. .^2<^5:f5i^ffi^2 7 L. 2 7R*C'(t, 
SItE<ijl9?ai^ei £ 5 i ^eiiMt9€ B^ai £ 6 i <??r^o::#^ 
SSCi ttSlftt^r, ^2oc:'S:{it^aiS|l2 7 L, 2 7 R 

[0 06 5] Uits^ m2(Om&}i^S/>''^i&^Q<O:^0yir 



40 (^^^fSsiffi^i SLT'ii^ttsa {-ACco) <z:'^(i{f 
[0 066] v^ir, Z^mnicP^mLQ^lB^-^-^. y 

^:^m^ctm0.o^^\s^fctB'^o>ikihmr^c'^^^xm 
[0 06 7] ^r, p^mtitt^.i^^mziC'oi.^Xkt. 
50 iJDO. ^1 oiii£2i<$:6 i^2<D^fii»f*8liX^<z:<^r(aitc 
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8 =2 'J ^ 'J /J F tc cfc "C sMcc^fi 1/ ft: <!; ^ tc It. 

2£#JcS:fe.1ttiiSii 1 8 L . ^ * l» :^ F tc J; ^ ^(is 

[0070] CCr-, STte^-S (-il^dqo) tkt. *p3i 
jgGii:J:'?r?^2(^iliijf*8Jt>^S(iU. ^StSl 5B, 



:?) i«^i^32 0 00 -2 8 36 5 

B. 1 6 Bm(0^^^^'Stmmw(J>^m^S:Oo icMU 

[ 0 0 7 1 1 3i?tesii8 Ba>^#jo!:'is:{ii^aisii i a 

RVitt. 1 5 B. 16 Bfel^DftSr^-j^dO /)^^ *J 

3f'J/}Ftcj:^^fe-t^ ( + ^dco) ecijQ^-c.rui^aG 

<^>.^fjiu-^ { + ^dqO> y'ct:t7^i?< (+^dcO+^dq 

^l»/jFtCj:^^{isa ( -^CcO) ii3Diija[Gi<:J:^> 
10 S:i4^a (-ZiCqO) t^m^fcmil'^S: {-/S^CcO- 

(ai aistoSi^t^a^ 1 8 l, 1 8 r (om^rttt. wf^i 

[0 07 2] CCX\ Slfi^-^ (-^ilidqO) it*. 
jaG^rj:-r.^2(D^fiif*835>^S<iU. ^ISISI 5B. 

m^m^^ii^it <+^dco) tcinmo. ^m^i 5 
B, 1 6 Bm(D^m.^&^m^^^o>^m^noo icmu 

[ 0 0 7 3 ] 
[^£] 



[ 0 0 7 4 ] , mw\<D^i^LW^m is Lie 

m^4CCiiirm<U^UtcLiiiC{t. (2 x^CcO+2 
[ 0 0 7 5 ] 

[Sf4] <2 xZiCcO+£ xzlCoO) =-t-^CcO-»-^C 
qG- C -^Cc0-ZlCc») 

[ 0 0 7 6] C oC'Aii?), S^iil^agfl 1 8 L , 1 8 R 

{£x£,CcO) t<:iJpiiaGi<:J:^>!S:f5fi^ (2xZiCq 
0) ti^y^ X6 0Xffi}f^^Ctlcrx^^ 

[0 07 7] ttjj^fgt^ffi^^ I Stc-^C-Tfe, Y 
ia:^r^coaiii*gGAM^J^-r'S35>^j=>. ffiigSGcc.^:or^ 



■sm<o&mkmn i l-c^*, s 5 b . s e bjuj 

ciTJifit. £iRiJa>^fi{^s^2 7 Lt±. s:&«a 
[ 0 0 7 8] iiff^siis 2 B<oa^itois:{it^tb^2 

7 *CC*. ^StS 2 5 B . 2 6 B feH7>^r^^^ d 0 ;0^!S:(i 

40 {it^ai^2 7Ri*. ^imm (-^IGqG) C^>!S:tefI^^ 
Sa^T^o ^f|iJtC(5!^»jt3QiijarG;0%t>^<!:^tC 

3:(4^aima^ 3 oc^t* ^ cc ^ . 

[ i) 0 7 9] 
[^3] 
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0 00-2 8 36 5 

14 













+ t\CgO 






-ACgQ 




[ 0 0 8 0] X\ ^iWKO^tt^ihmz 7 Lie ^:i>^ 
[ 0 0 8 1 ] 

[Sf5] <2x^iCQ0> =+ZiCqD- (-^CqO) 

[ 0 0 8 2] c<ofc^. m 1 <^>is:{it^ai^ i 8 l, 18 

CqO) />>f5>^2(iC'iS:{i^#msil2 7 L, 2 7 RCO^ttft^ 
*i^^L. fcSttfi^ (2 X AC go) $:Tia^6«c:^"$'J: 

[ 0 0 8 3] 

CaS] {2xACcO> = (2 X^CcO+2 x^CqO) 
- ( Sx^iCqO) 

[ 0 0 8 4] c ncc J: . Yls:^ifi](<: f«^3-Sfi[jiifgGo 

[ 0 0 8 5 ] 'tiia, ^2<Otmi^8.'}''ni&^Qo:':2 u * 
7>V .^2 <DM£?]fi8 ?>^=2 0 3^ »J ;/3 F c^; - -C^ilJicSti 

Srfi^fi: <-ZiCcO+^CQO> , < + ZiCcO-ZiCqO> 
^t^tBU, S<3J. -Stto^fi^s^ffi^S 7 L. 2 7R-C 

[ 0 0 8 6] ->r , 2E#J. ^fRito^tettffi^ 1 8 L . 

1 8R{oS:{ifi#^?c^bn:is:(iit^ (2x (-z^cc 

0) -»-2xZiCqO} iO-.6B2(D^fi-1^l^^2 7L. 27 

Simi^ {2x (-^CcG) ) (D^^i^OEfS^CiJi^r- 
[ 0 0 8 7] 

[87] {2x (-^CcO) } = {2x (-^CcO) 

2 xZiCoo) - (2 X£i.CaO) 

C 0 0 8 8] J>'< OX. ^^-^^mmxit. ^^2tC 

1 8 L . 1 8 R i . YssCOT^f^e^IiJQiiJSG i^^iJDt? 



a^rt^ffif ^^2<0iS:{it^fli^2 7L. 2 1Rt^mi 
XK^^o cniCc^:0. S:(5t^ffi^2 7 L, 2 7Re<:J:-7 

10 xmih:^tircmz<omm\^2 2o>m^'^s:^mi*'x. m 

iig G cc J: -7 *C ^ O 2 (Of^mi^ 8 or.3:{&S£ 

[0 08 9 ] C<C'A:4?>, 2<^^fi&f* 8:^>^^i^gQtC J: 

l<z:'.^(i^9iffiglil 8L. 1 8Rtcj:oX-ts^tiS$n?cS:ii 
SSi^^^iiJ^Qic: J: iSCte^Si iJpiigGcc J: -^.^iis 
ei^^Oi^t-C^. 02C'5:{i^^aig[i2 7L, 27R 
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